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A large number of mouse mutations exist that have various degrees and types of alopecia [1]. The hairs and hair follicles may look normal by light micros­copy, but few have been studied to any degree by scanning electron microscopy to determine what 
types of defects are present in the different pelage hairs and whether 
or not any of these defective mouse hairs resemble human inherited 
hair diseases [2J. 
Human alopecia areata is characterized by focal alopecia that may 
progress to a diffuse form. The focal nature of the disease is often 
considered to be diagnostic with no additional confirmational testing 
conducted by the physician. In a limited study of plucked hairs from 
human patients diagnosed with alopecia areata, we identified a number 
of non-alopecia areata hair diseases. Therefore, it may be likewise 
possible to identifY additional animal models for the human alopecias 
that are sometimes loosely called alopecia areata. 
The morphologic examination of normal mouse hair provides 
a basis by which genetic mutations can be compared. Examina-
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tion of the mouse hair types have been primarily done by light 
microscopy. Although this method provided important informa­
tion, the data resulting from these observations were sometimes 
misleading. To clarify some of these observations, plucked 
normal pelage hairs were analyzed by both light microscopy 
(LM) and scanning electron microscopy (SEM). Hairs were 
grouped by type (guard, awl, auchene, and zigzag) and relative 
position along the hair shaft. For SEM, hairs were examined in 
four segments and shaft diameter, shape, and cuticle morphology 
were evaluated. By LM the gross size, shape, and pigmentation 
could be evaluated. SEM detailed these observations. Bends in 
the zigzag and auchene hairs were the result of distinct morpho­
logic characteristics of the hairs, not just a physical torsion of the 
hair shafts. Additional observations revealed that cuticular mor­
phology is hair and location specific and that there are morpho­
logic changes of the hair shaft at the point where the shaft exits 
the follicle [2]. Understanding the fine detail of normal mouse 
hairs is necessary to correctly assess the effects of genetic 
mutations. 
Over 100 mouse mutations exist with a variety of skin and hair 
abnormalities [2,3]. To begin to determine homology with 
human hair diseases, plucked hairs from 20 mouse mutations and 
Table I. SUDlDlary of Pelage Hair Defects in Mouse Mutations with Hair AbnorDIalities 
Hair Defects 
Fractures 
Excessive (Trichorrhexis Longitudinal 
Excessive Surface Pili Longitudinal Cuticle Pili nodosus or Fissures (Pili 
Mutation Symbol" Chr Length Debris Canaliculi Striations Defects Torti trichoclasis) bifurcati) 
Alopecia areata ?b No No No No Yes No Yes Yes 
Angora FgfsJ'" 5 Yes No No No No Rare No No 
Asebia-J abf 19 No Yes No No No No No No 
Atrichosis at 10 No No Yes Yes Yes No No No 
Balding hal 18 No Yes No No No Yes Yes No 
Caracul Ca 15 No No Yes No No Yes No No 
Flaky skin fsn 17 No Yes No Yes No No No No 
Frizzy F 7 No Yes No Yes No No No No 
Fuzzy Jz No No Yes No No No No No 
Hair patches Hpt 4 No Yes No No Yes No No No 
Hairy ears Ell 15 Yesc No No No No No No No 
Harlequin Hq X No No Yes No No No No No 
Ichthyosis ic No Yes No No Yes No No No 
Matted uta 3 No No No No Yes No Yes Yes 
Naked N 15 No Yes No No Yes No Yes Yes 
Ragged Ra 2 No Yes No No No No No Yes 
Rex Re 11 No No Yes No No Yes No No 
Silver si 10 No No Yes No No No No No 
Waved-1 <va 1 6 No No Yes No No No No No 
Waved-2 wa2 11 No No Yes No No No No No 
" Capital letters indicate dominant or semidominant mutations, lower case letters indicate recessive mutations. 
/) Indicates genetic studies are in progress. 
C Ear hairs are excessively long, not pelage hairs. 
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their littermate controls were mounted with covermount, cov­
erslipped, and viewed by light microscopy. Additional hairs were 
mounted on aluminum stubs, sputter coated with gold, and 
examined by scanning electron microscopy. Eight general clas­
sifications were identified and are summarized in Table I. These 
include structurally normal hairs of excessive length; excessive 
surface debris; round, fiat, or indented hair shafts resembling pili 
canaliculi; longitudinal striations; cuticle defects; abnormal 
twisting resembling pili torti; fractures resembling trichorrhexis 
nodosa or trichoclasis; and longitudinal fissures resembling pili 
bifurcati [2,4]. The use of SEM in conjunction with LM made 
the systematic evaluation of hair mutations possible. The detail 
provided by SEM was invaluable in the assessment of defects not 
visible with LM and expanded the parameters by which mutant 
mouse hair could be compared with those from normal litter­
mates. 
The comparison of the hair mutations in mice may lend itself 
to the structural examination of the human alopecias to better 
define the abnormalities and promote the understanding of their 
etiology. 
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A lopecia areata and similar diseases at the clinical and histologic levels are relatively common in human beings but rare in domestic and laboratory mammalian species. The human disease is charac­terized by acute onset of focal, diffuse, or both 
forms of hair loss. Microscopically, patients have dystrophic 
anagen or tclogen follicles that are usually accompanied by a 
mononuclear cell infiltrate in and around hair follicles, but 
usually without scarring. Two rodent models that have provided 
new ways to investigate the underlying mechanisms involved in 
tllis group of diseases have been identified and studied in recent 
years. In addition, case reports involving a variety of domestic 
animals and nonhuman primates suggest that this is a phyloge­
netically conserved disease. Evaluation of mammalian systems 
will provide important information on the pathophysiology of 
alopecia areata as well as provide a group of animal models for 
screening and testing new therapeutic approaches. 
Table I summarizes and compares the information known 
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about alopecia areata in humans and the mammalian species 
in which similar diseases appear to occur. The two rodent 
models are available, making them useful to biomedical re­
search scientists. However, the domestic animal and nonhuman 
primate summaries are based on a limited number of case re­
ports and so these do not represent useful models at the current 
time. 
When considering the values or deficits of the rodent models 
it is important to remember that the Dundee experimental bald 
rat, a hybrid between an inbred and an outbred strain, exists as 
two isogenic sublines (brown hooded and black hooded) with 
different haplotypes. C3H/He] is an inbred mouse strain. This 
implies that individuals will be very similar within the inbred 
strains such that the disease will be essentially monomorphic, 
representing a specific type or subtype of alopecia areata com­
pared with the disease as it appears in outbred species. Alopecia 
areata, as with other diseases in outbred species, such as humans, 
dogs, cats, horses, and nonhuman primates, is a manifestation of 
the effects of potentially several distinct genetic mutations, 
effects on expression by background modifying genes on these 
mutations, and further complications by a variety of environ­
mental factors. Therefore, it is unreasonable to expect the 
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